Constricted affect (CA) is a cardinal negative symptom of schizophrenia-spectrum disorders. It is unclear whether behaviorally-defined CA occurs in individuals with schizotypy-those with the personality organization reflective of schizophrenia liability. Moreover, it is unclear whether CA contributes to real world dysfunction in this population. The present study employed computerized prosodic analysis of natural speech procured during a laboratory procedure. Subjects were 89 individuals with psychometrically-defined schizotypy and 26 controls. Groups did not differ in any of the prosody measures examined here. Within the schizotypy group, increased prosodic expression was associated with positive schizotypy traits while decreased prosodic expression was associated with negative schizotypy traits. Prosodic deficits were significantly associated with reduced prosocial behaviors (e.g., talking with friends) but were not associated with subjective social satisfaction. Prosodic deficits characterize a subset of individuals with schizotypy who show a schizoid-like reduction in social behaviors without a concomitant reduction in social satisfaction.
Constricted affect-defined in terms of attenuated communicative behaviors-is one of the key negative symptoms of schizophrenia [American Psychiatric Association (APA), 1994] . Constricted affect is pervasive in the sense that it presents at every phase of the illness, including the premorbid (Walker, Grimes, Davis, & Smith, 1993) , first episode (Malla et al., 2002; Mason et al., 2004) and late illness (Harvey et al., 1996; Putnam & Harvey, 2000) phases. Constricted affect is also stable over time (Long & Brekke, 1999) and is considered to be a negativistic prognostic indicator (Milev, Ho, Arndt, & Andreasen, 2005; Pogue-Geile & Harrow, 1985) . These issues, combined with the reality that constricted affect is relatively resistant to currently available treatments (Arango, Buchanan, Kirkpatrick, & Carpenter, 2004; Kopelowicz, Liberman, Mintz, & Zarate, 1997) have made it an important target of current clinical and basic research (Kirkpatrick, Fenton, Carpenter, & Marder, 2006) . Despite growing knowlFrom Louisiana State University (A. S. C.); and Indiana University (S. L. H.).
edge about the importance of constricted affect in schizophrenia-spectrum disorders, fundamental issues about its nature remain unclear.
One important question regarding constricted affect is the degree to which it occurs in individuals with schizotypy-an estimated 10% of the population who have a personality organization reflective of a putatively genetic schizophrenia liability (Meehl, 1962) . Preliminary evidence is promising in this regard. First, examination of childhood records of patients prior to illness onset suggest that these individuals show reduced affective expressions (Walker et al., 1993) . Second, biological relatives of schizophrenia probands tend to show constricted affect regardless of whether they show clinical symptoms compared to relatives of controls (Kendler et al., 1995) . Finally, individuals with psychometrically-defined negative schizotypy (i.e., social anhedonia) have shown reduced facial expression during semi-structured interviews (Collins, Blanchard, & Biondo, 2005) . Taken together, these results suggest that dysfunctions in the neurocircuitry underlying affective expression maybe an important component of schizotypy. Empirically clarifying this issue takes particular importance given current efforts to develop early detection methods identifying "at-risk" individuals and for efforts to understand the neurobiological and genetic underpinnings of schizotypic personality more generally. The current study addresses this issue by examining constricted affect in a symptomatically-diverse psychometrically-identified schizotypy sample.
Current methods of measuring constricted affect are considerably limited for understanding schizophrenia-spectrum pathology. The primary method of assessing affective expression is based on rating scales of negative traits/symptoms completed by trained observers (e.g., Schedule for Deficit Syndrome; Kirkpatrick, Buchanan, McKenney, Alphs, & Carpenter, 1989) or by self-report (Schizotypal Personality Questionnaire; Raine, 1991) . Scores from these instruments tend to cover wide temporal swaths, are relatively insensitive to change (Eckert et al., 1996) , produce ordinal data that are inappropriate for parametric statistics and are imprecise for differentiating expressive symptoms from other negative traits/symptoms (Alpert, Shaw, Pouget, & Lim, 2002; Stahl & Buckley, 2007) . With respect to scales completed by trained observers, it is also noteworthy that dataprocurement is generally unstructured thus introducing considerable variability in the conditions through which information is obtained. This is essential as one considers that the interview climate (e.g., interrogative, easy-going) and interviewer characteristics (e.g., gender, age, ethnicity) may have a profound impact on the patients emotional expressiveness. As noted by some (Alpert, Kotsaftis, & Pouget, 1997; Cohen, Alpert, Nienow, Dinzeo, & Docherty, 2008; Kring & Sloan, 2007) , one method of measuring negative traits/symptoms that circumvents many of these limitations involves measuring expressive behavior using objective analysis of natural behavior.
To address concerns with negative symptom measurement, our lab has developed the Computerized Assessment of Affect from Natural Speech (CANS; Cohen, Minor, Najolia, & Hong, 2009) , an automated procedure designed to elicit natural speech and quantify the prosody of the speech, that is, the rhythm, stress, and intonation. The CANS procedure involves having subjects verbalize their personal reactions to a variety of evocative stimuli. The consequent speech from this procedure is subjected to prosodic analysis to determine the severity of (1) affective bluntening, defined in terms of lack of inflection and intensity, and (2) alogia, defined in terms of total speech communicated (i.e., percentage of total time talking). Prosodic analysis has a rich history in schizophrenia research (Alpert, Merewether, Homel, & Marz, 1986; Cohen et al., 2008) yet has not been applied to understanding schizotypy-individuals with a putative genetic loading for schizophrenia-spectrum pathology that fail to exhibit full phenotypic expression.
A related issue that is unclear involves the degree to which constricted affect impacts real-world quality of life and functioning. Affective expression is integral to a wide range of social functions and it stands to reason that constricted affect would lead to "real-world" dysfunctions. In support of this conjecture, it is well regarded that many of the poorest functioning schizophrenia patients are those with blunt affect (e.g., ) and a link between constricted affect and poor quality of life and social dysfunctions has been demonstrated in schizotypy (e.g., Cohen & Davis, 2009 ). However, the existing literature is based on the use of self-report or interview-rating scales and no study, to our knowledge, has employed behavioral measures of affective expression to understand this issue within schizotypy.
The present study employed computer-based acoustic analysis of natural speech to understand constricted affect in separate groups of psychometrically identified schizotypy versus healthy controls. The sample examined here included a broad set of positive, negative, and disorganized schizotypal traits, which provided a more diverse sample than the negative traits examined in a prior schizotypy study (Collins et al., 2005) . A secondary goal of this study was to elucidate the "real-world" impact of constricted affect by analyzing its associations to social functioning and quality of life.
methods PARTICIPANTS
Screening Phase. Participants were undergraduate freshmen and sophomores enrolled at Louisiana State University. Students (N = 8,993) were approached by e-mail to participate in an on-line survey and offered a chance to win monetary compensation. Embedded within this survey were a consent form, basic demographic questions, the Schizotypal Personality Questionnaire (Raine, 1991) , validity items (Chapman & Chapman, 1976) and a modified Quality of Life Interview-brief version (Lehman, 1995) . Response rate was approximately 20% (n = 1,775). Of these responses, 21% (n = 380) of the questionnaires were discarded because of incomplete data or questionable validity defined as responding favorably to three or more of four questions from the Infrequency scale (Chapman & Chapman, 1976; e.g., I believe that most light bulbs are powered by electricity). The final screening sample had 1,395 cases. This study was approved by the LSU Human Subject Review Board and all subjects offered informed consent prior to completing the surveys.
Laboratory Phase. Individuals scoring in the 95th percentile (1.65 SD from the ethnicity and gender determined means) on the cognitive-perceptual (a.k.a., positive/disorganization; n = 53) and/or interpersonal (a.k.a., negative; n = 36) subscales were invited to participate in the laboratory phase of the study. Additionally, 26 control subjects, identified based on scores below the ethnicity and gender determined means for each of the SPQ scales, were recruited (see Table 1 for demographic and descriptive variables). Neurocognitive data from this project is presented elsewhere (see Cohen, Iglesias, & Minor, 2009) Schizotypal Symptoms. The Schizotypal Personality Questionnaire (Raine, 1991) , a measure originally developed to screen for schizotypal personality disorder but that has become one of the standard measures of schizotypy, was employed here. The SPQ has good psychometric properties and has been used in over a hundred studies to date. The SPQ is comprised of 74 items, organized into nine subscales that mirror the diagnostic criteria of DSM-IV schizotypal personality disorder (American Psychiatric Association, 1994): ideas of reference, excessive social anxiety, odd beliefs, or magical thinking, unusual perceptual experiences, odd or eccentric behavior, no close friends, odd speech, constricted affect, and suspiciousness. The original SPQ employs a forced choice yes or no response format. To address concerns that dichotomous response formats are insensitive to symptom severity (Peltier & Walsh, 1990; Wuthrich & Bates, 2005) , we adopted a five-point Likert scale system that has been employed in recent SPQ research (Wuthrich & Bates, 2005 . Subjects response options ranged from Strongly Disagree to Neutral to Strongly Agree. The Likert scale version of the SPQ has shown high convergence and improved internal reliability (α = .95) when administered in either computer or standard paper and pencil formats compared to the original version (Wuthrich & Bates, 2005) . Internal consistency was excellent for each of the individual subscales (α's > .90; . Higher scores reflected more severe symptoms.
Computerized Assessment of Affect from Natural Speech (CANS).
The CANS measure, developed by our lab to assess vocal prosody was employed here. During the CANS, subjects are seated in front of a computer monitor with the laboratory assistant out of their visual field and asked to discuss their reactions to a range of picture stills (run using Eprime software version 1.0; Psychology Software Tools, 2002). To examine the temporal stability of the CANS variables, subjects in the present study were given two separate counterbalanced CANS conditions separated by an hour epoch. For each administration, subjects were asked to view separate blocks of five emotionally pleasant (picture numbers 2080, 5910, 2360, 7325, 4643, 4626, 7502, 7330, 1710, 2391) , unpleasant (picture numbers 9800, 9570, 9592, 6350, 6821, 9810, 6540, 9571, 6242, 9594) and neutral (picture numbers 7496, 7595, 7002, 7037, 7057, 7004, 7056, 7495, 7546, 7620) pictures from the International Affective Picture System (Lang, Bradley, & Cuthbert, 2005) . Picture display was set at 40 seconds and each block was 200 seconds long. Block order was random, as was picture order within each block. Blocks were separated by a 30 second interval during which subjects were asked to relax and breathe deeply.
Speech was digitally recorded at 16 bits per second at a sampling frequency of 44,100 hertz using headset microphones. The digitized recordings were analyzed using PRAAT (Boersma & Weenink, 2006) , a program that has been used extensively in speech pathology and linguistic studies. The PRAAT system organizes the sound file into frames for analysis, which for the present study was set at a rate of 100 per second. We computed (a) vocal output-defined as the total percentage of frames that were voiced, (b) fundamental frequency-defined as the lowest harmonic tone in semitones, (c) inflection-defined as the variability in fundamental frequency using information entropy (Shannon, 1948-see below) , and (d) intensity-defined as the volume in decibels expressed during voiced fames. The information entropy analyses yielded indices of speech amplitude variability in bits (binary units). Samples were processed using desktop computers with single Pentium four chips and took approximately two to three minutes per 200 second recording.
Our use of entropy statistics, selected because they provide a more sensitive measure of signal variability than variance and standard deviation scores (Lai, Mayer-Kress, & Newell, 2006) , warrants brief discussion. To compute the entropy statistics, all unvoiced frames (i.e., pitch = 0 Hz) were first removed. Each data set was then statistically normalized (mean subtracted, divided by standard deviation). A frequency histogram of the data was obtained using equally sized bins. The number of bins was set at N/30, N being the total number of data points within a trial where speech was produced. A probability distribution was then obtained for the data set by dividing the frequency of occurrence of data points within each bin by N. This was done to ensure that the sensitivity of the analysis remained constant across subjects, minimizing the potential for bias by the data range and amount of speech produced.
The information entropy, H, for each data set was calculated as:
where p is the probability that a data point occurs within the I th bin. This provides a measure of uncertainty contained within the probability distribution as measured in bits of information. Higher information entropy values indicate a more evenly distributed data set across the bins, while lower information entropy values are indicative of a more peaked distribution. Knowing that the maximal information entropy of a signal is log 2 (N) (Shannon, 1948) , the entropy scores were divided by the potential maximal entropy value to yield a percentage of maximum score. This prevented the entropy data from being biased by vocal output. A benefit of using entropy as opposed to other more widely used measures of variability (e.g., variance and SD) is that entropy does not assume Gaussian distributions of data. Hence, the information entropy analysis is not adversely affected by skewed or kurtotic data. For further discussion of our use of entropy statistics for understanding vocal prosody see Cohen, Minor, Najolia, & Hong (2009) .
Quality of Life. A modified Quality of Life-Brief Version (QOL; Lehman, 1995) was administered during the laboratory and screening phases of the study [note-the screening QOL is examined in Cohen & Davis, (2009) . The original brief version of the QOL, involving 24 items tapping subjective quality of life and 59 items tapping objective quality of life, was far too lengthy for our purposes here, so we employed a briefer version used in recent research (Bellack, Bennett, Gearon, Brown, & Yang, 2006; Cohen & Davis, 2009 ). This modified version measures objective life quality in (α = .66), family (α = .43), and financial (α = .72) domains. We also assessed subjective quality of life in matched social, family, and financial domains.
Analyses. The analyses were conducted in five steps. First, we examined potential demographic and clinical differences between the schizotypy and control groups. Second, we examined the temporal stability of the prosodic variables across the hour epoch. We also examined the inter-correlations between the prosodic variables. Third, we compared the schizotypy and control groups on the prosodic variables. Fourth, we computed correlations between the prosody scores and the schizotypy trait and QOL scores within the schizotypy group. As part of this analysis, we examined the relationship between self reported constricted affect (from the SPQ) to other schizotypy traits and QOL scores. This allowed comparison of the prosody and self-reported measures of constricted affect in their association to QOL. Finally, as part of a post-hoc analysis we categorized subjects in both schizotypy and control groups as being constricted versus normal prosody based on prosody scores and compared them in terms of quality of life (see below for elaboration). All analyses in this study are two-tailed and all variables are normally distributed unless otherwise stated.
resUlts

DEMOGRAPHIC, CLINICAL AND OTHER DESCRIPTIVE CHARACTERISTICS
Means and standard deviations were computed for the demographic, clinical, and descriptive variables (see Table 1 ). The groups were not statistically different in age, gender, or ethnic composition (all p's > .10). The schizotypy group had poorer quality of life for each scale except for the objective family scale (all other p's < .001, Cohen's d's > .62).
TEMPORAL STABILITY OF THE CANS MEASURES
Bivariate correlations were computed for the prosodic measures between the two separate CANS administrations (see Table 2 ). There was high stability between the acoustic measures. The correlations between the various prosody measures was much more modest, but for the most part, statistically significant. For data reduction purposes, scores from the two CANS administrations were averaged together for the analyses in this study.
BETWEEN GROUP DIFFERENCES: ExPRESSIVITY
Means and standard deviations for the prosodic expressivity variables were computed and compared between the groups (see Table 3 ). A MANOVA revealed no significant differences between the groups, Wilks' Lambda (5, 109) = .68, p = .64, partial eta 2 = .03. Inspection of the individual effect sizes revealed that there were no remarkable differences between the groups on any of the individual or composite prosody variables (all Cohen's d values < .25).
WITHIN SCHIZOTYPY GROUP ANALYSIS: CORRELATIONS BETWEEN PROSODY SCORES, SCHIZOTYPAL TRAITS AND QUALITY OF LIFE CORRELATES
These correlations (see Table 4 ) suggest that subjects with positive schizotypy traits (i.e., subjects with ideas of reference, unusual perceptions and suspiciousness) tended to produce more speech than those without these traits. On the flipside, subjects with negative schizotypy traits, notably constricted affect, tended to show reduced prosody characterized by less vocal output, lower fundamental frequency, and attenuated inflection. With respect to QOL, reduced objective quality of social relationships was significantly associated with less prosody, particularly lower vocal output, lower fundamental frequency, and less inflection. None of the other QOL measures, notably the subjective social QOL measure, were associated with prosody measures. Thus, individuals with reduced prosody reported engaging in fewer social activities, having fewer social plans, and having fewer friends, but this did not seem to bother them. This pattern was not seen with the self-reported SPQ constricted affect measure, which was associated with both lower objective and subjective social QOL.
ExTREME GROUPS COMPARISON
An implication of the within-schizotypy group analysis is that constricted prosody is associated with impoverished QOL. However, without a relative control group it is impossible to determine whether those high in prosody have superior functional ability (compared to nonschizotypal subjects) or whether, as hypothesized, those low in prosody have impoverished quality of life. Moreover, the within schizotypy group correlations fail to address the specificity of whether the relationship between QOL and prosody is specific to schizotypal individuals or whether they extend to the broader population. To address this issue, we organized subjects (both controls and schizotypal subjects) into constricted-prosody and normal-prosody based on their composite prosody score (in z-score format) using a cutpoint of .75 standard deviations below the mean. This cutpoint is somewhat arbitrary (and is not meant in anyway to provide an interpretive guideline for clinical severity), but allowed for sufficient sample sizes for group analysis. Nearly twice the proportion of schizotypy (n = 22; 23%) as control (n = 3; 12%) subjects met threshold for the "constricted-prosody" group, although this difference did not meet statistical significance (χ 2 = 1.50, p = .22). Data (in z-score format) for QOL from four groups: Control: normal prosody, Control: constricted prosody, Schizotypy: normal prosody and Schizotypy: constricted prosody were compared here (see Figure 1) .
Significant main effects were observed for each of the quality of life variables save the objective family score (all F 's > 3.68, p's < .05). Scheffe post-hoc analysis suggested that the Schizotypy: constricted prosody group was significantly lower than each of the other groups for the objective social scores (all p's < .05). The effect sizes for these comparisons were each large: the Control: normal prosody (Cohen's d = 1.71), Control: constricted prosody (Cohen's d = 1.61) and Schizotypy: normal prosody (Cohen's d = .83). The Schizotypy: constricted prosody group was not signifi- cantly different than the other groups in any of the other QOL domains. These analyses suggest that schizotypy combined with low prosody has a dramatically deleterious effect on objective social QOL.
disCUssion
The present study is the first that we are aware of to apply prosodic analysis to understand constricted affect in schizotypy. Our results suggest that individuals with schizotypy, as a group, did not show any prosodic deficit. However, there was notable variability in prosodic expression within the schizotypy group. Individuals with ideas of reference and suspiciousness showed high levels of prosodic expression whereas individuals with constricted affect showed low prosody. As expected, low prosodic expression was associated with reduced prosocial behaviors. In sum, the present findings are important for demonstrating that, similar to patients with schizophrenia, a subgroup of individuals show low levels of prosodic expression and that this symptom has real world implications (Alpert et al., 1997; Cohen et al., 2008) . These findings are elaborated further below. The chief issue addressed in this study concerns whether constricted affect, defined in terms of prosodic expressivity, reflects a vulnerability marker for schizophrenia-spectrum disorders. Interpretation of the present data, based on a sample showing the full spectrum of positive, negative, and disorganized schizotypal traits, argue against an isomorphic prosodic deficit characteristic of all individuals with schizotypy. Rather, it seems that prosodic deficits identify a subtype of schizotypy that shows pronounced impairments in social functioning. Thus, a tenable hypothesis is that prosodic deficits reflect a vulnerability characteristic of a spe- cific schizophrenia process. In evaluating this claim, it would be critical to determine how schizotypal individuals with prosodic deficits versus those without differ in illness course and underlying pathophysiological process. In patients, deficit schizophrenia, characterized by severe and chronic negative symptoms and social deficits, is thought to reflect a distinct form of schizophrenia characterized by unique genetic, neurobiological, and functional correlates , so it stands to reason that prosodic deficits may identify a similar process within schizotypy. It may be the case that prosodic deficits may be a risk marker for deficit schizophrenia. Further research is needed to evaluate this claim. Longitudinal study of prosodic characteristics of individuals with schizotypy (reflecting a broad range of symptoms) as they progress through the window of risk would be essential to this endeavor.
It is notable that, within individuals with schizotypy, diminished prosody significantly corresponded to worse objective but not subjective quality of social life. This suggests individuals with diminished prosody show limited social activity (i.e., spend less time and make fewer plans with friends or significant others) with no concomitant dissatisfaction (i.e., apathy), a pattern similar to that described in schizoid personality disorder (American Psychiatric Association, 1994). The self-reported measure of constricted affect, on the other hand, was significantly associated with reductions in both objective and subjective quality of life suggesting this measure was more related to unpleasant affect. This potential dichotomy between apathy and subjective distress/unpleasant affect is similar to one that we have noted in schizophrenia-that apathy and unpleasant affect reflect mutually exclusive constructs (Cohen & Minor, 2010) . We have postulated that a distinct subgroup of patients show a unilateral attenuation of emotional experience (Cohen, Docherty, Nienow, & Dinzeo, 2003; Cohen & Minor, 2010; ) that is wholly unlike the affective abnormalities in other patients, abnormalities that can be characterized by increased unpleasant emotional experience. It remains an intriguing possibility that distinguishing between apathy versus unpleasant emotion may improve our understanding of heterogeneity in schizotypy and that employing both objective and subjective measures of constricted affect may help advance this line of research.
The present findings contribute to the growing support for the use of computerized analysis of natural behavior to provide a sophisticated and objective measure of negative symptoms across individuals with schizophrenia-spectrum pathology. This study reflects our first application of the CANS to schizophrenia research. The CANS variables demonstrated good temporal stability over an hour long epoch. Construct validity was demonstrated in that the CANS variables showed convergence with questionnaire-based measures of constricted affect and with measures of social functioning. Moreover, feasibility of the CANS for understanding negative symptoms in individuals with schizotypy was established. The administration time was relatively brief, the procedure was automated, and prosodic analysis only took several minutes per speech sample while still yielding a high number of data points that allow for a sensitive analysis of the variability in the prosodic variables. The next step in this line of research is to apply the CANS to a patient population.
Some limitations of the present study warrant mention. First, studies of negative schizotypy are unavoidably complicated by symptoms of depression. Negative symptoms are common in depression (Blanchard, Horan, & Brown, 2001; Herbener & Harrow, 2001) , and depression is common to premorbid schizophrenia pathology (Cohen, Leung, Saperstein, & Blanchard, 2006) . As a result, it is often difficult to disentangle the relative effects of idiopathic negative symptoms, and depressive symptoms. Second, values for our prosodic variables were not available for schizophrenia patients with blunted affect to use as a reference group when interpreting the present values, so the clinical severity of constricted affect in our sample is unclear. Third, the schizotypy subjects were exclusively university students. While student samples are typical of this line of research, they may not represent the entire schizotypy population. Our sample reflects an improvement on many prior methods in that students were sampled across a wide range of disciplines (e.g., engineering, chemistry) beyond just psychology. Fourth, the cut-off scores employed in our post-hoc analyses were arbitrary. Further research examining potential cut-off scores to demarcate normal from aberrant prosody, perhaps involving the establishment of normative data, is called for. Finally, we did not employ correction for multiple-comparisons in our correlational analyses. Given the exploratory nature of these analyses, we adopted a more liberal approach to detecting significant relationships to favor type II errors as opposed to type I errors. The consistency (that both constricted affect and objective social QOL were associated with three of the four prosody variables at a trend level or higher) and specificity (that few of the other SPQ or QOL variables were associated with the prosody variables) of these correlations suggests that these findings were not spurious.
Despite growing appreciation for the importance of negative symptoms in schizophrenia-spectrum pathology and considerable empirical attention to understanding them, questions about their fundamental nature have gone unanswered. We believe that prosodic analysis holds enormous potential for understanding negative symptoms in schizophrenia-spectrum pathology. The results of this current experiment provide evidence that this is a promising step in this direction. Psychiatric Research, 36, [347] [348] [349] [350] [351] [352] [353] 
